High participation rates are important for maximizing the effects of a health screening program. Previous studies have suggested that individual or regional characteristics have effects on health behaviors. In this study, we investigated the determinants of participation in the National Screening Program for Transitional Ages by simultaneously analyzing individual and area-level factors by multilevel analysis. A total of 1,081,216 subjects, aged 40 and 66 yr and nested in 254 areas, were included. There was a significant variation in participation rates across the areas even after adjusting for individual and area-level variables. Among the individual-level variables, increasing age, sex, higher income, and mild disability grade were associated with a higher participation rate. In urban areas, the 40-yr-old group had higher participation rates than the 66-yr-old group. Deprived areas had significantly high participation rates for both age groups. The number of screening centers per 1,000 inhabitants had no significant effect on participation in the screening program. In conclusion, regional characteristics are associated with participation rates independent of personal features and regional factors have differential effects with respect to age. A multi-dimensional approach is recommended to promote participation in health screening programs.
INTRODUCTION
Health screening programs aim primarily to reduce the mortality of target diseases by early detection and effective treatment (1) . High participation rates should be ensured to maximize the benefits of such screening programs. It is known that individual factors such as age, sex, disability (2, 3) , and socioeconomic status (4-6) affect the rate of participation. Moreover, psychosocial factors such as knowledge and beliefs about a program, attitude towards a screening program, and cultural background (7) (8) (9) are associated with participation. However, previous studies have mainly focused on individual characteristics and largely ignored regional characteristics.
Understanding the effects of regional characteristics is important because our health and behavior are affected by the environment and features of the region we inhabit (10) . Additionally, some studies have reported that regional socioeconomic factors such as area income, unemployment, and education levels significantly affect the participation rate in health screening programs independent of individual characteristics (11) (12) (13) . However, those studies were conducted as parts of cancer screening programs (8, (14) (15) (16) (17) or involved study populations in limited areas (18, 19) . Furthermore, individual and area-level variables were separately analyzed using single-level multivariable regression (12, 20) .
The Republic of Korea Government has actively carried out health screening programs in an effort to detect diseases early and to improve public health. Since their introduction in the 1980s, the coverage of periodic national health screening programs has been expanding. In 2007, a new national health screening program, the National Screening Program for Transitional Ages, was added to the existing program (21) . It covers those who are 40 and 66 yr old, including Medicaid recipients who were excluded from the national general health screening program.
In this study, using the whole data of the National Screening Program for Transitional Ages, we simultaneously analyzed individual and area-level factors by multilevel analysis to find the determinants of participation in the national screening program. different level factors at the same level. This may have led to over/ underestimation of the effect of different level factors. Multilevel analysis can examine both inter-individual and intergroup variation and allows researchers to deal simultaneously with individuals at a micro-level and areas at a macro-level.
Although previous studies have suggested various individual and regional determinants of participation in health screening programs, we selected individual and area-level factors by considering practical and political implications. Eventually, we selected 3 domains based on regional characteristics: level of urbanization, regional deprivation, and medical supply. We hypothesized that more urbanized and less deprived areas would have higher participation rates, and that the number of screening centers would exhibit a positive relation with participation.
MATERIALS AND METHODS

Data sources
Our study is based on the data of the National Screening Program for Transitional Ages in 2008 and 2009 obtained from the National Health Insurance Corporation (NHIC). In Korea, the National Health Insurance provides mandatory universal health insurance to nearly all Koreans (96.9%); others are covered by a public assistance plan (i.e., Medicaid). As the Ministry of Health and Welfare entrusts the handling of claims to the NHIC, the data of Medicaid enrollees are also managed by the NHIC. We excluded the insured employee group from our study population because both employers and employees may incur penalties if they do not undergo health checkups. As the NHIC provided data without identification codes for the dependents of the employee insured group at the beginning of our study, we could not analyze these dependents in our study.
Among the data of 1,081,249 potentially eligible subjects in 254 municipal districts, the personal health registry data of 1,081,216 were used after excluding subjects who had duplicate or missed identification numbers. Eligible area-level data were collected from various sources. We merged the area and individual-level data using the local address codes of the municipal districts (Fig. 1) .
Individual-level variables
Individual-level variables were derived from the insurance registry data of the NHIC. The residential address codes of the study population were all deleted and replaced with simple numbers to ensure their privacy. We selected the final individual variables according to a review of previous studies and ease of interpretation. The variables are as follows: 1) year (2008 vs 2009), 2) age (40 vs 66 yr old), 3) sex (male vs female), 4) health insurance type (self-employed insured vs Medicaid recipients), 5) health insurance premium, and 6) disability grade according to the legal classification of severity according to Article 2 of the Welfare of Disabled Persons Act (22) .
Health insurance premiums are determined according to monthly income levels in Korea; we used health insurance premium as an indicator of individual income level. We divided health insurance premium into quintiles from group 1 (lowest) to group 5 (highest) according to the monthly health insurance premium amount. The Medicaid recipient group, who does not pay at all, was designated as group 0. Disability was graded from 1 (severe) to 6 (mild) according to the legal category of disability severity. Subjects without any disability were categorized as the non-disabled group. Among 199 potential variables, we chose 3 area-level variables based on statistical significance from univariate analyses and health policy implications: 1) the proportion of agriculture, forestry, and fishery workers (%) as an inverse index of the urbanization of the region; 2) the Composite Deprivation Index (CDI) score, which represents the level of deprivation in an area (23) ; and 3) the number of screening centers per 1,000 inhabitants, which indicates the level of medical supply. All variables except CDI score were based on data from 2007.
Area-level variables
We used the CDI as the parameter for regional deprivation. The CDI is calculated according to 5 domains: 1) unemployment, 2) poverty, 3) housing, 4) labor, and 5) social network. The proxy variables of the 5 domains are as follows: 1) the pro- portion of unemployed males, 2) the percentage of recipients receiving National Basic Livelihood Security Act benefits, 3) the proportion of households under the minimum housing standard, 4) the proportion of people with low social class, and 5) the proportion of single-parent households (Table 1) . Previous studies have reported that the CDI was more suitable in Korea than the Townsend or Carstairs indices, which were developed in England and widely used as indicators for regional deprivation (23, 24) .
Statistical analysis
We divided the study population into 2 groups according to age: subjects were 40 yr and 66 yr old. Multilevel analysis was performed on 1,081,216 individuals (level 1) nested within 254 municipal districts (level 2). A 2-level logistic regression model using the Markov Chain Monte Carlo method was constructed to estimate the average relationships between participation in the national health screening program and individual-level variables across all regions (i.e., individual fixed parameters) and between the variation between municipal districts (i.e., regional random variance), and the effects of area-level variables on participation in the screening program (i.e., regional fixed parameters). We performed multilevel logistic regression analyses adjusting for both individual and area-level variables as fixed effects and allowed for heterogeneity between areas on a step-by-step basis. First, a null model with no explanatory variable was analyzed for the existence of variance between areas (null model). Second, to calculate the proportion of variance related to the 
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In addition, we tested area-level factors using a random slope model, and tested interactions between individual-level and area-level factors.
All statistical analyses were performed using STATA 12.0 (STATA Corp, Houston, TX, USA) and MLwiN 2.25 (University of Bristol, UK). Statistical significance was defined as a 2-sided P value less than 0.05.
Ethics statement
This study protocol was approved by the institutional review board of the Seoul National University Hospital (IRB No. H 1109-031-377). Informed consent was waived. Table 2 lists the baseline characteristics of the study population. Of the 1,081,216 subjects, 410,168 (37.9%) participated in the screening program. The participation rate of the 40-yr-old group was lower than that of the 66-yr-old group (30.2% vs 50.4% in 2008; 34.5% vs 54.6% in 2009). More women participated in the screening program. The sex gap was more prominent in the 40-yr-old group than in the 66-yr-old group (13.5% vs 2.6%). Income level (health insurance premium) was generally positively related to the participation rate in both age groups, except in the first and second income quintiles in the 40-yr-old group. Severity of disability was negatively associated with participation rate. Table 3 shows the results of multilevel analysis, which included individual and area-level variables in a hierarchical manner. There was significant variance with respect to participation rates across the area in the null model (log-odds [β], 0.04; standard error [SE], 0.004) (Fig. 2) . When the null model was adjusted with individual-level variables (Model 1), the regional variance decreased (β, 0.036; SE, 0.004). All individual-level variables were significantly associated with participation rate. After the null model was simultaneously adjusted with individual and area-level variables (Model 2), the regional variance decreased further (β, 0.031; SE, 0.003). However, some unexplained variance across areas was still observed.
RESULTS
Baseline characteristics of the participants
Multilevel analysis in the 40-yr-old group
There were lower participation rates in the first and second premium quintile groups than in the Medicaid recipient group, while participation rates were higher in the third, fourth, and fifth income quintiles than in the Medicaid recipient group. Participation rates for subjects with severe disabilities (grades 1 and 2) were lower than for subjects without disabilities, while the participation rate was higher for the mild disability groups. The proportion of agriculture, forestry, and fishery workers in an area was negatively associated with participation rate (β, -0.005; SE, 0.002). In addition, a higher CDI was significantly associated with a higher participation rate (β, 0.001; SE < 0.0001). The number of screening centers per 1,000 inhabitants did not significantly influence participation in the screening program (β, 0.493; SE, 0.404). ICCs were low in all models, and when we introduced area-level variables into Model 1, 18% of ICCs decreased.
When we tested the random slope model of area-level factors, the result was not significant (data not shown). When we tested interaction between different level factors, there was a significant inverse interaction between health insurance premium and the proportion of agriculture, forestry, and fishery workers in an area (Table 4) . The CDI had a positive interaction with health insurance premium, but the number of screening centers per 1,000 inhabitants had no significant interaction with the premium level (Table 4) . Table 5 shows the results of the multilevel analysis, which included individual and area-level variables in a hierarchical manner. There was significant variance in participation rates across the area in the null model (Fig. 3) . Individual-level variables exhibited similar effects on participation in screening before and after controlling for area-level variables. The exception was that there was less participation by the Medicaid recipient group in the screening program than all income quintiles of the insured self-employed groups.
Multilevel analysis in the 66-yr-old group
The proportion of agriculture, forestry, and fishery workers was positively related with the participation rate (β, 0.022; SE, 0.002). This contradicted the results obtained for the 40-yr-old group. The CDI was significantly positively related to screening program participation (β, 0.001; SE < 0.0001). The number of Table 4 . Interactions between health insurance premium and area-level factors in both age groups screening centers per 1,000 inhabitants had no significant effect on the participation rate (β, 0.578; SE, 0.362). Although ICCs were still low, they were higher than that of the 40-yr-old group in all the models. When we compared Model 2 with Model 1, there was a 40% decrease in the ICC in Model 2. Although we tested the random slope model of area-level factors, there was no significant effect, as was observed in the 40-yrold group (data not shown). When we tested the interaction between inter-level factors, the results were similar to those of the 40-yr-old group. Health insurance premium level and the proportion of agriculture, forestry, and fishery workers in an area exhibited an inverse interaction (Table 4) . There was a positive interaction between CDI score and the health insurance premium (Table 4) . There was no significant interaction between the number of screening centers per 1,000 inhabitants and health insurance premium (Table 4) .
DISCUSSION
To our knowledge, this is the first study investigating the individual and area-level determinants of participation in the national general health screening program in Korea with a multilevel analysis approach. We determined that regional characteristics had significant independent effects on participation in the national screening program. We also compared all Medicaid recipient subjects with insured subjects. To date, no study has used the nationwide data of Medicaid recipients to investigate their behaviors related health screening.
There were significant regional variations in all the models of both age groups. When we adjusted individual-level factors, ICCs in the 40 and 66-yr-old groups were 0.011 and 0.025, respectively. This means that the inter-area variance was smaller for the 40-yr-old group and that individual characteristics had a larger influence in this group. When we adjusted area-level factors additionally, the ICC decrease was more prominent in the 66-yr-old group. This indicates that a larger part of the regional variance can be explained by the area-level factors used in the 66-yr-old group. Consequently, we can expect the 66-yr-old group to be influenced more by regional characteristics than the 40-yr-old group. As we had hypothesized, level of urbanization had a significant effect on participation in the national screening program. However, the effect was different with respect to age. In the 40-yr-old group, the participation rates of residents in urban areas were higher than those in rural areas were. In contrast, in the 66-yr-old group, the participation rates of subjects in rural areas were higher than those in urban areas were. The relationship between urbanization and participation in health screening programs is still controversial. According to previous Korean and Japanese studies (8, 17, 25) , the participation rates of sub- jects in urban or metropolitan areas in national health screening programs were lower. In contrast, some studies in other countries (12, 26) reported lower participation rates in rural areas. The role of mobile health screening services may help explain our results. In Korea, according to the Framework Act in Health Examination Law, only agencies licensed by the Minister of Health and Welfare can provide mobile health screening services outside medical institutions. Mobile health screening services usually target mountainous and rural areas with poor accessibility to health screening centers. With their instruments, examination staffs access the target location via a specialized bus or container car and conduct general health checkups (physical examination, blood test, urine test, and chest radiography) and cancer screenings (stomach, breast, colon, liver, and cervical cancer). Although there has been some criticism about the low quality of such screening services and quality controls, mobile health screening services have steadily been extended to rural municipal districts. In our study, the areas with high participation rates were concentrated in the mountainous and rural areas (Fig. 4, 5) . This was more prominent in the 66-yr-old group. As most subjects in this group are retired, they may encounter fewer time constraints to utilizing the screening service than those in the 40-yr-old group, who are still actively employed. This could be responsible for the differing effect of mobile health screening services in both age groups. In this study, participation rates were significantly higher in deprived areas. This is contrary to previous findings reporting a negative effect of regional deprivation in health screening programs (12, 13, 20, 27 dicate that interventions and political support targeting deprived areas in the national health screening program, such as through mobile health screening services, advertisements, and reminder services, may be effective in improving participation rates. However, the participation rate of the low health insurance premium group was also low at the individual level. When we tested interaction between individual-level insurance premiums and regional deprivation, we found that the gap of participation rate according to income level widened as regional deprivation increased in both age groups. This implies that interventions targeting deprived subjects are not sufficiently effective or that the effect of those interventions is not properly delivered to lowincome groups. We suspect that the effect of interventions for improving participation mostly reach the higher premium level groups first in deprived areas. Hence, although the participation rate of the deprived area might be higher, there would continue to be inequality at the individual level. Contrary to our hypothesis, the number of screening centers per 1,000 inhabitants had no significant effect on participation in the screening program. Pornet et al. (13) reported no relationship between the number of screening centers and participation in cancer screening in France. However, other studies (28, 29) have suggested that the density of screening facilities is important in cancer screening participation. Our result demonstrates that a mere numeric increase of medical supplies in the national health screening program does not lead to an increase in the participation rate. We believe that mobile health screening services may play an important role in areas with few screening centers. In Korea, there are more screening centers in urban areas than in rural areas. Mobile health screening services alleviate the shortage of centers and improve accessibility. Hence, this leads to a weakening of the effect of the number of screening centers. We can also expect several screening centers to conduct most of the national health screening programs in an area intensively, and that numerous screening centers are not required.
We also determined that all individual-level variables (i.e., age, sex, health insurance type, insurance premium, and disability grade) had significant impacts on participation even after adjusting for area-level variables. Previous Korean studies (8, 14, 18, 26) analyzed these variables at a single level using multivariate regression models. Such models can under/overestimate the effect of regional characteristics. Multilevel analysis allowed us to simultaneously investigate and explain the effects of individual and area-level variables. When we carried out multilevel analysis, these individual-level variables were consistent after adjusting for area-level variables.
Although income level was positively associated with participation, which is consistent with the results of previous studies (14, 25, 29, 30) , the participation rates in the first and second income quintiles in the 40-yr-old group were lower than that of Medicaid recipients. In the National Screening Program for Transitional Ages, all health screening services are offered free of charge and there is almost no economic barrier. However, since screening programs are conducted during the day and on weekdays, working people may face time constraints, which may hinder their participation in the screening program. Although most in the 66-yr-old group were retirees, most in the 40-yr-old group had jobs and were actively employed. Unlike the insured group, 40-yr-old Medicaid recipients did not have regular jobs and had relatively fewer time constraints on participation in screening programs. Differing time constraints based on age, insurance type, and income level might play an important role in the difference in participation rates. Thus, the 66-yr-old group and Medicaid recipients might participate more in health screenings than the 40-yr-old insured group. A subsequent study using variables on time constraints and their burden would be necessary to evaluate the role of time constraints.
Our study has some limitations. First, although we used the complete data of the 40 and 66-yr-old screening program subjects, their results cannot be generalized to the entire population. However, if we focus our findings on the National Screening Program for Transitional Ages, our restricted sample is entirely acceptable. Second, we could not include dependents of the insured employee group in our study. They are not obliged to participate in the national screening program, and their health behaviors may differ from our study population. Future studies should include dependents of the insured employee group and evaluate their characteristics. Third, this study did not include private health screening programs. Private health screening programs are common in Korea. The participants of private health screening programs may not participate in national health screening programs. It was impossible to determine the actual participation rates of private health screening programs from our data. However, participation in private health screening programs is more common among higher-income groups and those with health insurance. Therefore, the trends of participation rates according to income level would not change significantly even if we had included the data of private screening programs. Fourth, when we adjusted for all individual and area-level variables, significant unexplained regional variance in participation rates remained. This means that there are other factors affecting participation in national health screening programs. If we were able to include variables about attitudes towards screening programs, the quality of screening centers, and barriers to participation, we could elucidate this variance in greater detail. Finally, data regarding individual residence duration were unavailable. It is possible that regional characteristics completely affect individuals over time.
In conclusion, our study demonstrates that regional characteristics have independently significant effects on individual participation in national health screening programs. They also have different interactions with individual characteristics such as age and income level. To increase participation rates in national health screening programs, tailored approaches that consider the characteristics of the target population and region simultaneously are required.
